Objectives: to evaluate specialist geriatric input and medication review in patients in high-dependency continuing care. Design: prospective, randomised, controlled trial. Setting: two residential continuing care hospitals. Participants: two hundred and twenty-five permanent patients. Intervention: patients were randomised to either specialist geriatric input or regular input. The specialist group had a medical assessment by a geriatrician and medication review by a multidisciplinary expert panel. Regular input consisted of review as required by a medical officer attached to each ward. Reassessment occurred after 6 months. Results: one hundred and ten patients were randomised to specialist input and 115 to regular input. These were comparable for age, gender, dependency levels and cognition. After 6 months, the total number of medications per patient per day fell from 11.64 to 11.09 in the specialist group (P = 0.0364) and increased from 11.07 to 11.5 in the regular group (P = 0.094). There was no significant difference in mortality or frequency of acute hospital transfers (11 versus 6 in the specialist versus regular group, P = 0.213). Conclusion: specialist geriatric assessment and medication review in hospital continuing care resulted in a reduction in medication use, but at a significant cost. No benefits in hard clinical outcomes were demonstrated. However, qualitative benefits and lower costs may become evident over longer periods.
Introduction
Medical care of frail older people is an increasing challenge for all Western health-care providers. Projected increases in longevity will almost certainly be accompanied by growth in the number of elderly patients with a concomitant requirement for continuing nursing care provision. The medical management of frail elderly patients is complex. For example, drug-patient and drug-drug interactions are more likely to produce deleterious effects in this population group [1] [2] [3] [4] .
There has been a growth in specialist geriatric medicine provision in both Europe and North America, largely based on the rise in the elderly population. To our knowledge, there has not been formal evaluation of hard outcomes of specialist geriatric medical assessment and medication review in the management of high-dependency patients in hospital continuing-care settings. This is despite the fact that such specialist input into these settings is being promoted by some health-care providers [5, 6] . In our facilities, standard care is provided by general practitioners but lacks a proactive input from a team of age-related specialists. This study provides a substantial input of such expertise.
Several studies have highlighted the prevalence of inappropriate prescribing in the elderly [1] [2] [3] [4] , along with the clinical and economic consequences [7] [8] [9] [10] . Intuitively, one might expect improved outcomes from enhanced specialty input, particularly in relation to promoting rational drug prescribing. This should ensure early identification of adverse pharmacokinetic and pharmacodynamic drug interactions [11] .
Tools including Beers, Inappropriate Prescribing in the Elderly, King's Criteria and Screening Tool of Older Persons' potentially inappropriate Prescriptions (STOPP) [12] [13] [14] [15] [16] have been developed as adjuncts to identify potentially inappropriate prescribing. In addition, pharmacist review of prescribing in elderly patients has been shown to reduce morbidity, falls and the number of medicines prescribed [17, 18] . Therefore, several methods are available, which try to assist in identifying suboptimal prescribing. To date, none have yielded benefits in long-term outcomes in the frailest elderly, namely those who reside in continuing care [16, 19] .
To ascertain this, we conducted a prospective, randomised, controlled study comparing the impact of specialist input to regular input on major health outcomes in a dependent elderly patient population based in hospital continuing care. These outcomes included drug utilisation, mortality and requirement for transfer to acute hospital care.
Methods
This was a prospective, randomised, controlled study conducted over a period of 6 months. It was performed in 10 nurse-managed, continuing-care wards situated in two community hospitals (one urban; one rural 25 miles away). The regular medical input was provided by a medical officer (i.e. a general practitioner with a diploma in medicine for the elderly) as is the standard practice within these institutions. There was access to specialist geriatric medicine advice on request.
Prior to admission, the suitability of each patient for admission to a continuing-care ward had been assessed by a multidisciplinary panel chaired by a consultant geriatrician. This ensured that all remediable medical and rehabilitation potential had been fully maximised. Admission criteria for hospital continuing care are formulated to allow only patients of the highest dependency requiring expert nursing care to be accepted to these institutions.
Intervention
All permanent patients on the continuing-care wards were included in the study. They were allocated using a random number generator to either a regular or a specialist input. We felt that cluster randomisation of the wards or institutions would be inappropriate. Local practices produce significant differences between wards and institutions (i.e. different medical officers, consultant physicians, nursing staff along with varying institutional policies and practices. Significantly, more medically complex patients were clustered particularly in high dependency wards, with more mobile and cognitively impaired patients in other wards). Thus, with expert statistical advice, cluster randomisation seemed unsuitable, due to the major confounding factors described.
Demographic and other data were collected by the study nurse (N.W.) who was blind to all aspects of the study.
Patients in the specialist group were clinically assessed, by either a consultant or a senior specialist registrar in geriatric medicine, working in pairs. The drug prescription charts were then reviewed by the multidisciplinary panel. A series of evidence-based recommendations were forwarded to the general practitioner for consideration. There was no explicit direction or insistence that these recommendations be implemented. Compliance with recommendations was measured.
The multidisciplinary panel comprised three consultant geriatricians, six specialist registrars in geriatric medicine, two registered hospital pharmacists and three senior nurse practitioners. They had access to the complete medication list for all patients in the intervention group along with the details of a comprehensive medical assessment. Using this information, the team applied tools such as Beer's criteria, Inappropriate Prescribing in the Elderly Tool and the British National Formulary to aid the decision regarding medication use [12] [13] [14] [15] . Ultimately, the decision to continue or discontinue a medication was made using a modified Delphi method [20] . Patients in the control group did not undergo specialist medical assessment or medication review by the multidisciplinary panel.
A dedicated database was constructed. This included patient demographics, previous medical history, a detailed medication list, functional, cognitive and dependency levels at the time of initial evaluation. The study pharmacist calculated daily medication costs.
Evaluation
The primary aim of the study was to assess the impact of specialist input compared with regular input on the number of drugs prescribed and medication cost over a 6-month period in a continuing-care setting. Secondary outcomes were the frequency and timing of requested medical officer reviews (daytime 09:00-17:00 or out-of-hours 17:00-09:00), number of emergency transfers to acute hospital care and mortality.
The costs for each group over 6 months were calculated on the basis of the price of the initial medical review, the panel review, medications administered, medical officer assessments and acute hospital transfers (based on cost of bed days utilised). The costing of medication was performed by a pharmacist, who was blinded to the groups.
Baseline Barthel Index (20-point score) and Abbreviated Mental Test Score (AMTS 10-point score) were recorded at 0 and 6 months by the same researcher.
Statistical analysis was performed with the assistance of an expert statistician, who was blinded to the groups, using SPSS 16.0 (Statistical Package for Social Sciences, Version 16). Parametric tests were used for normally distributed variables and non-parametric tests for non-normally distributed variables.
Informed consent was obtained from the patient, relatives or the director of nursing in each institution as appropriate, depending on the capacity of the patient to give informed consent. Further to discussion with the statistician, all patients from both institutions for whom consent was obtained were included, in order to maximise the power of the study. Ethical approval was obtained from the Ethics Committee of the Mid-Western Regional Hospital, Limerick. The trial protocol was registered on 19 January 2005.
Results
Two-hundred and twenty-five patients were eligible for inclusion in the study (110 in the specialist input group versus 115 in the regular input group). Baseline characteristics for both groups were similar, including age, level of care criteria (as assessed by placement panel prior to admission), gender, initial AMTS, Barthel Index and the total number of medications per patient per day ( Table 1 ). The duration of time from admission to continuing care until review for this study was not significantly different ( post hoc analysis on data available for 103 patients in the regular input group and 100 patients in specialist input group; Table 1 ). Follow-up data were available on all study patients at 6 months.
Medications
In the specialist input group, one or more medication changes were advised in 102 (92.7%) patients. The reasons put forward by the panel to discontinue medications included the lack of a clear indication for use, potential adverse effects or potential interactions. Also included was the panel's advice to recommend new medications in 83 patients (76%). Compliance with the suggested changes was audited, and in 80.1% of the patients, the advised changes were fully or partially implemented.
Thus, in the specialist input group, there was a significant reduction in the total number of medications and in the number of regular medications. Total medications in this group fell from 11.64 to 11.09 per patient per day (P = 0.0364) (95% CI for mean difference (−1.06, −0.04)). In the regular input group, the opposite was observed with an overall increase in total medications per patient per day from 11.07 to 11.5 (P = 0.094) (95% CI for mean difference (−0.07, 0.93). Adjusted mean difference and 95% CI: −0.88 (−1.57, −0.18).
Functional outcomes and mortality
At the end of the 6-month period, there was no change in the Barthel Index or AMTS between the groups. There was a higher rate of nursing requests for medical reviews in the specialist input group, 3.95 (4) mean (median) compared with 3.08 (2) in the regular input group (P = 0.07) using the non-parametric Mann-Whitney test. The mean difference plus 95% CI was −0.87 (−1.68, −0.05), P = 0.037, independent sample t-test. There was a higher rate of referral (non-significant) for acute hospital assessment in the specialist input group (11 versus 6, P = 0.213). Two patients in the specialist input group were admitted with possible medication-related side effects. One patient was admitted with gastritis, which may have been aggravated by a reduction in the proton pump inhibitor dose as recommended by the panel (Table 2 ). There was one subject in the control group admitted primarily due to medicationrelated adverse effects. Total length of stay was 101 days in the specialist input group and 63 days in the control group.
Mortality was not significantly higher in the specialist input group (17 versus 11, P = 0.226).
Costs
Overall, there was a net reduction in total medication costs of £19,753 (€20,972) over the 6 months of the study. This resulted from a reduction in medication costs in the specialist input group and occurred despite an increase in the regular input group. The total cost of the study and intervention in the specialist input group (110 patients) was calculated as £56,113 (€59,575). This was the net cost after subtracting the reduction in medication costs. These are service costs excluding study set-up, design and the cost of employing the study nurse.
Quality-of-life measures
A single question regarding whether the intervention had been of benefit was posed to all participating patients with an AMTS ≥8 and otherwise to nursing staff familiar with the patient, on their behalf; 95% of the subjects and 98% of the staff felt that this was a positive intervention.
Discussion
The admission of an elderly person to a high-dependency continuing-care setting represents a major point in the overall medical management of frail, dependent persons. It should only take place when modern medicine has reached the limits of its capacity to improve the patient's condition back to a point where they could live independently. Therefore, the treatment of all remediable conditions should already have taken place before such placement. Our randomised study assessed the benefit or otherwise of specialist compared with regular input in patients in continuing care who have been through a thorough evaluation process. This ensures that all opportunities for medical and rehabilitation intervention have been optimised prior to continuing-care admission.
The intervention in this study consisted of a medical assessment by senior doctors trained in geriatric medicine, a specialty already known to have a major impact on acute medical care of the elderly [21, 22] . Medication advice was provided by an expert, multidisciplinary panel to the patient's regular general practitioner. The expert medical advice was drawn from three consultant geriatricians trained in UK academic departments and involved in the UK and Irish Higher Medical Training of specialist registrars. All the geriatricians were registered in the European, UK and Irish Systems of higher specialist accreditation, one with additional North American licensing. The panel also included senior pharmacists with particular expertise in complex elderly prescribing. Implementation of the panel's advice was at the discretion of the general practitioner.
In summary, our large multidisciplinary panel (including geriatrician, pharmacist and nursing representatives) was an attempt to aim for consensus prescribing, thus eliminating any idiosyncratic individual prescribing for the purpose of the research study. As the study was designed to compare specialist geriatric intervention with regular medical officer intervention, we decided that it was inappropriate to include medical officers in the multidisciplinary medication review panel. However, in a future service model, the number of personnel could be significantly reduced and medical officer involvement would be appropriate.
As outlined above, there was a trend towards more nursing requests for clinical evaluation by the general practitioner in the specialist input group, with a higher rate of referral to the acute hospital than in the regular input group. This may have occurred as a result of adverse events due to drug alterations or perhaps it was due to an awareness that these patients were in the intervention group. The increased rate of medical consultation and hospital admission could also have occurred due to a chance baseline imbalance in potentially important prognostic factors such as mean Barthel Index (5.95 versus 6.75 for the specialist versus regular input group, respectively; Table 1 ). Of further note, the study nurse was blind to randomisation and inputs. However, the ward nurses and the general practitioner were not blind to the intervention and this was a potential source of bias.
In the measurable, hard outcomes such as cost, mortality and functional outcomes, there were no significant differences observed in this study. However, there were lower-level benefits. There was a significant reduction in the total number of medicines prescribed in the specialist input group. This follows a pattern similar to that found as a result of pharmacist medication review in residents of care homes, a less dependent group [18, 23] . The cost saving in our study was outweighed by the significant cost of specialist intervention. One could argue that the cost saving due to a reduction in medications might increase with more frequent implementation over longer periods. There could be additional benefits such as reduced nursing time required for medication administration. The initially disappointing impact of specialist intervention suggested by our study might then be reviewed.
To our knowledge, this is the first study where specialist geriatric medical input into the management of patients in a continuing-care setting has been evaluated in a randomised, controlled fashion. It is very likely that this group of patients had probably maximised their medical and rehabilitation potential prior to admission to the continuing-care wards, hence being less likely to benefit greatly from further intensive input. However, good prescribing remains essential, and benefits may be reflected in symptomatic well-being rather than in functional measures or mortality (e.g. new medications were recommended by the panel in 76% of patients).
Our population is representative of high-dependency patients elsewhere who have undergone a similar thorough multidisciplinary pre-assessment prior to admission to continuing care. We suggest that additional regular structured specialist input provides no mortality benefit at this late stage but can reduce medication cost and may have less tangible symptomatic benefits. These patients with low functional reserve may be managed expectantly with symptomatic treatments instigated by their general practitioners as appropriate. Specialists should be readily available to see patients on request, with geriatric expertise focused on patient selection, optimisation prior to continuing-care admission, maintaining standards of care and input for complex individual cases.
The findings of this study need re-evaluation in other centres. However, our study did involve major numbers in both rural and urban settings as well as an intense medical input. It strongly suggests that for frail elderly, who have been medically optimised and highly screened prior to admission to continuing care, routine input of specialist medical expertise results in a reduction in medication numbers but at a significant cost. The impact of specialist geriatric input may be greater in areas such as early acute medical intervention, rehabilitation, pre-assessment and supervising medical input in continuing care.
Key points
• Specialist geriatric medication review in continuing-care patients did not improve mortality or frequency of admission to acute hospital care.
• Specialist geriatric medication review in continuing-care patients did not improve hard clinical outcomes but reduced cost.
• Specialist geriatric medication review in continuing-care patients led to a reduction in medication use.
